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Abstract 
A 12-lead ECG data acquisition system based on ADS1298 is presented in this paper. ADS1298 is a latest 16-
channel 24-bit Analog to Digital Converter (ADC) made in TI Company, which has the characters of high-precision, 
low power and low noise, with the internal integration of the input multiplexers, analog low-pass filter, and digital 
filter, etc. Combined with the high-speed low-power chip M051 as MCU, it can achieve the standard 12-lead 
simultaneous ECG acquisition. ECG data can also be transmitted to an upper host PC though nRF24LE1 MCU. This 
system greatly compact the circuit and reduce the power cost, as well as implement the wireless transmission. It has 
laid the foundation for the future high-accuracy portable ECG instrument. 
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1. Introduction 
ECG signal is an important reference for diagnosis of heart disease, and its acquisition directly affects 
the accuracy of the patient's illness diagnosis and subsequent treatment effects. 12-lead simultaneous 
ECG data acquisition system based on ADS1298 includes the acquisition module and the wireless 
transmitter module. The former is responsible for the ECG data acquisition and compression, while the 
latter is for the wireless transmission of ECG data. M051 is a high-performance and low price MCU, 
embedded with the Coterx-M0 core. In this system, M051 is used to control the acquisition, precession 
and transmission of ECG data.  
The core part of the ECG signal acquisition module is ADS1298. ADS1298 is a latest 16-channel 24-
bit Analog to Digital Converter (ADC) made in TI Company, which has the characters of high-precision, 
low power and low noise, with the integrated input multiplexers, analog low-pass filter, and digital filter. 
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Therefore, 12-lead simultaneous ECG acquisition based on ADS1298 has a much more compacted circuit 
than traditional ECG acquisition systems. 
The wireless data transmission module is composed of the PC and micro controller, where nRF24LE1 
MCU is used as SCM. nRF24LE1 is a classic 2.4-2.5GHz ISM band wireless transceiver chip. M051 is 
used to receive ECG data from ADS1298 and transmit it to nRF24LE1 MCU through the SPI interface. 
Due to its tiny size and low power consumption, 12-lead simultaneous ECG data acquisition system 
based on ADS1298 is ideal for applications where miniaturization is a key requirement. The wireless 
transmission module also makes this devise suitable for remote biomedical use. 
2.  General System Scheme and Hardware Design 
12-lead simultaneous ECG data acquisition system includes four parts: the power module, the ECG 
data acquisition module, M051 and NRF24LE1. The general system structure is shown in Figure 1. 
 
Figure 1: Block diagram of the system 
2.1. Power module 
In the ECG acquisition system, the analog power supply voltage of ADS1298 is designed as ±5 V and 
+3.3 V, while the digital power supply voltage is +3.3 V. Both M051 and NRF24LE1 need +3.3 V power 
supply. The power-supply circuit is shown in Figure 2. The input voltage of +5V is provided by +5V DC 
stabilizer module. A transformer is used to achieve electrical isolation. Points DGND and AGND are 
short out in the transformer T1, which are linked to a single ground to reduce the interference between the 
digital part and the analog part. The output signal is filtered by LC. TVS1 and TVS2 are voltage-
stabilizing tubes to ensure a stable power supply voltage. Power voltage of +3.3 V is provided by LM117. 
2.2. ECG signal acquisition based on ADS1298 
The work process of the ECG signal acquisition module based on ADS1298 is illustrated in Figure 3. 
ADS1298 is used to implement simultaneous sampling, which integrates a 24-bit, delta-sigma (Δ Σ) 
analog-to-digital converter (ADC), a built-in programmable gain amplifier (PGA), an internal reference 
and an onboard oscillator. The ADS1298 incorporates all the features that are commonly required in ECG 
applications. The flexible input multiplexer of ADS1298 can be independently connected to the 
internally-generated signals for test and lead-off detection. The power of a single channel in the ADS1298 
is as low as 1mW. Due to 8 channels 24-bit ADCs and PGA, ADS1297 can meet the requirement of 
sampling accuracy without the amplification of the front end circuit. The impact of polarization potential 
also can be neglected. Therefore, system based on ADS1298 requires simple peripheral circuits. 
There are 11 electromyography machine leads, which include 6 chest leads (V1~V6), 4 limb leads - LA, 
LL, RA, RL (LA is left arm. LL is left leg. RA is right arm. RL is right leg), and 1 lead for right leg drive 
(RLD). DB15 interface is used for these 11 leads. 
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Protection circuit for the input is needed in this medical device, and electrostatic effects also need to be 
taken into consideration. In the input protection circuit, Gas Tube Surge Arrester is used to implement the 
protection and prevent the damage caused by lightning and the transient surge voltage resulted from 
equipment switching. The protection circuit also includes a 2-order low-pass filter and ESD diode for 
ESD protection. 
 
Figure 2: Circuits of the power module 
 
Figure 3: Block diagram of the ECG signal acquisition module based on ADS1298 
The peripheral circuit of ADS1298 is used to provide the system power supply, leads connection, 
external reference voltage, external crystal, decoupling capacitors and bypass capacitors. The peripheral 
circuit is shown in Figure 4. The input differential circuit helps to reduce common-mode signals and 
increase differential-mode signals. External reference voltage is designed to be adjustable, which also 
helps to improve the precision of the system. LM336 is used as the reference voltage source. 
Right Leg Drive Circuit (RLD) is added to biological signal amplifiers to reduce common-mode 
interference. Mux integrated in ADS1298 is used to select channels and the operational amplifiers. All the 
amplifier terminals are available at the pins, allowing the user to choose the components for the feedback 
loop. The reference voltage for the right leg drive can choose from internally generated (AVDD + 
AVSS)/2 or WCT signal, or provided by external reference. In this system, the RLDOUT pin in the 
ADS1298 is selected for the RLD derivation and the shield RLD derivation. 
2.3. M051 MCU
M051 embedded with the Coterx-M0 core is used to control the acquisition, procession and 
transmission of ECG data in this system, and implement 12-lead ECG data sampling and AD conversion. 
The minimum system of M051 includes system reset, external crystal with the frequency of 12MHz, LED 
for debug, SPI communication interface, debug interface, and free pins for future extension. In ECG 
signal acquisition module, ADS1298 is controlled by SCM M051. 
SPI (Serial Peripheral Interface) is used to implement the serial communication between MCU and 
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peripherals. M051 provides two high-speed SPI interfaces, one for communication with ADS1298 and the 
other for nRF4LE1. Serial communication between SPI and ADS1298 is enabled by CS. During the 
whole communication process, CS must remain low. At the end of the serial communication, more than 4 
clock pulses are needed before CS is set to high for resetting the communication. After resetting, CLK 
and DIN signals will be ignored, and DOUT will be in the high-impedance state. CS can be set to high 
and then low to reset the serial interface when the device stops working due to redundant clock pulses. 
Serial clock (SCLK) is used to shift data.  ECG data is transmitted in the form of continuous frames. Data 
is grouped by byte to ensure the communication interface work well. Data input pin (DIN) is used to 
receive data from ADS1298 when falling edge of SCLK occurs. Data output pin (DOUT) is used to 
output the conversion data and register data on rising edge of the clock signal. 
 
Figure 4: Peripheral circuits of ADS1298 
2.4. Wireless data transmission 
nRF24LE1 is the core part of the wireless data transmission module, which is a wireless transceiver 
chip with enhanced 8051 core, operating in the 2.4~2.5GHz ISM band. GFSK modulation and 
demodulation technology is used in it. The hardware of nRF24LE1 is composed of 2 parts: the enhanced 
8051MCU and nRF24L01 with 2.4 G RF transceiver. These two parts communicate via SPI interface. 
The chip can automatically generate the header and CRC verify code. It can also retransmit when errors 
occur. Enhanced ShockBurstTM technology is embedded in nRF24LE1, which is a data link layer based 
on the feature of automatic package assembling, auto-answer and auto-retransmission. Enhanced 
ShockBurstTM is suitable for low-power and high-performance communication. All the ECG data 
transmission, including receipting ECG data from ADS1298 and transmitting it to nRF24LE1 through the 
SPI interface, is controlled by M051. 
3.  Software Design 
The software model includes 2 main parts: the programs of M051 and nRF24LE1. M051 is used to 
control the acquisition, procession and transmission of ECG data. nRF24LE1 is used to receive ECG  data 
and implement the wireless data transmission.  
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3.1. Software of M051 
Figure 5(a) is the flowchart of M051 program. The initialization in M051 includes setting the timer, 
ADS1298 and SPI. The timer of M051 works in continuous conversion mode, using the external 12MHz 
crystal. The counter is set as 31169 to reach the 385Hz working frequency. SPI is set to work in the 
master mode. The initialization of ADS1298 involves setting the configuration register, channel control 
register, the right leg drive and Wilson mid-point. 
       
Figure 5: (a) Flowchart of M051 program, (b) ECG data transmission process 
ADS1298 is set to work in the single conversion mode. The conversion is started by the START pin 
and SPI conversion instruction. At the beginning of the conversion, DRDY signal is set to high. When the 
conversion complete, DRDY signal becomes low, and then M051 reads the ECG data from 
ADS1298.  Sampling period is controlled by the timer interrupt. 
M051 is also used to preprocess the ECG data. ECG data from ADS1298 need to be compressed. 
Because Vpp of amplified ECG signals is only 100mV, DC bias on it can be eliminated to increase the 
efficiency of transmission.  
ECG data transmission from M051 to upper host ARM is implemented by SPI. There are 8 data in a 
group, representing 8 different leads. Each group is composed of 2 bytes, with 4 bits for the header and 12 
bits for ECG data. Data is transmitted at a frequency of 385Hz. The transmission is controlled by upper 
host ARM through Busy line. If busy line is high, the transmission will stop. To guarantee the accuracy of 
the data transmission, CS of M051 needs to be set to high after busy line has been set to low. M051 also 
needs to send groups of empty data to clean the buffer of the upper host ARM. After these, CS can be set 
to low to enable the transmission of a new data group. The transmission frequency is controlled by 
periodic interrupt signals generated by the timer. The process of ECG data transmission is shown in 
Figure 5(b). 
M051 is also used to implement the lead off detection, which is achieved by reading the 
LOFF_STATN register of ADS1298 one time every 100ms. The status of the negative electrode on each 
channel is stored in this register, which indicates whether it is on or off.  ‘0’ is lead-on (default) and ‘1’ is 
lead-off. Periodic interrupt is generated by the timer in M051. When the interrupt occurs, the lead-off flag 
becomes to ‘1’. In the program, the lead-off detection function will be called when the lead-off flag is 
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high. After the detection, the flag will be set to '0'. 
3.2. Control Software of nRF24LE1  
nRF24LE1 MCU is used to transmit the ECG data by wireless. Wireless data transmission by 
nRF24LE1 is in the enhanced ShockBurstTM mode.  In this process, the address of receiver and ECG data 
should be sent to nRF24L01 in accordance with the time series at first. Then CONFIG register is set to 
work in the transmission mode. Microcontroller sets RFCE to high (at least remains 10μs) to stimulate 
nRF24LE1 to transmit data. When nRF24L01 starts to transmit data in the enhanced ShockBurstTM mode, 
the RF front-end power is supplied at first. Then RF data will be packaged, adding lead polit-code and 
CRC verify code. When the data package transmission has finished, nRF24L01 switches into standby. 
ECG data are also received by nRF24L01 in the enhanced ShockBurstTM receiving mode. During the 
reception, the local reception address and the packet size need to be set at first. RFCE is set to high to 
make the CONFIG register work in the reception mode. After 130μs, nRF24L01 is switched into the 
monitor state, waiting for the arrival of data packets. When the correct packet is received (both local 
reception address and CRC verify code are correct), nRF2401 restores ECG data only and automatically 
removes lead polit-code, CRC verify code, and the local reception address .The STATUS register is set 
by nRF24L01 to inform the microcontroller that new data have been received. After micro-controller read 
ECG data from nRF2401, the STATUS register will be cleared. 
4.  Conclusion 
The latest 16-channel 24-bit Analog to Digital Converter (ADC) made in TI Company is innovatively 
used in the 12-lead simultaneous ECG data acquisition system.  This system is controlled by M051 MCU, 
combined with RF24LE to implement the wireless data transmission. The highly integrated design of 
ADS1298 helps to compact the circuit and reduce the power consumption of the system. With the 
integration of wireless communication, this device is suitable for remote healthcare. 
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